Abstract
Results
The preoperative NLR was correlated with the tumor length and NMR. In OS univariate analyses, a high NLR (>1.77), high NMR (>12.31), and low albumin ( 40.0 g/L) level were significantly associated with a poorer survival in BSCCE. The median OS was significantly greater in low NLR ( 1.77) than in the high NLR (>1.77) patients (51.0 vs. 31.0 months; P = 0.008). In multivariate analyses, only the NLR was an independent prognostic factor for OS (hazard ratio (HR), 2.030; 95% confidence interval (CI), 1.262-3.264; P = 0.003). A high NLR was also an independent predictor of a poorer RFS in BSCCE (HR, 2.222; 95% CI, 1.407-3.508; P = 0.001); the median RFS for low ( 1.77 ) and high (> 1.77) NLR patients
Introduction
Basaloid squamous cell carcinoma, which was first reported in 1986, is a specific subtype of squamous cell carcinoma (SCC) that principally occurs in the upper aerodigestive tract [1] [2] [3] . Basaloid squamous cell carcinoma of the esophagus (BSCCE) is a rare malignancy, and only a few studies with comparatively small samples have been reported in the literature [2] [3] [4] [5] [6] . According to previous reports [3, 5, 6] , surgical resection is the best treatment option for BSCCE patients with localized lesions, but patient prognosis remains far from satisfactory. Clinicopathological factors, such as tumor size, location, tumor-node-metastasis(TNM) stage, and CK903 and CK14 expression, have all been reported to be associated with the long-term survival of BSCCE after curative surgery [3, 5, 6] . However, the prognostic value of these factors is limited, and only a small part of the prognostic heterogeneity is reflected for BSCCE. Therefore, it is important to search for more effective preoperative biomarkers.
Immunotherapy with anti-programmed death-1 or anti-programmed death ligand-1 antibodies has shown promising results in a number of malignant tumors [7, 8] . Thus, increasing attention is being paid to the immunity status and inflammatory microenvironment of patients; these play an important role in the development of various carcinomas, including esophageal carcinoma. A number of studies in different carcinoma types have shown that the density of tumor infiltrating leukocytes, including neutrophils, macrophages, CD8 + T lymphocytes, and Foxp3 + T lymphocytes, can be predictive of survival [9] [10] [11] . Peripheral blood leukocytes, including lymphocytes, monocytes, and the neutrophil-to-lymphocyte ratio (NLR), which reflects the tumor infiltrating leukocyte status to an extent, have also been shown to correlate with oncological outcomes [12] [13] [14] . Previous studies have demonstrated that patients' pretreatment NLR is an independent predictor of long-term survival in patients with esophageal SCC and adenocarcinoma [13] [14] [15] [16] . However, BSCCE is a specific subtype of esophageal SCC, and it has its own biological behavior and molecular features [2] [3] [4] 17] . To the best of our knowledge, there are few published reports regarding the prognostic value of the NLR in BSCCE; herein, we report our findings from a retrospective analysis of the value of preoperative peripheral blood leukocyte levels on BSCCE prognosis.
Academy of Medical Sciences Cancer Hospital. The study was conducted in accordance with the principles expressed in the Delclaration of Helsinki. Written informed consent was achieved at the beginning of treatment from all patients.
All patients included in the study had: 1) detailed medical histories collected and physical examinations performed prior to treatment; 2) complete blood cell counts, biochemical analyses, chest radiographs, a barium meal, computed tomography (CT) scans of the chest, and Doppler ultrasound or CT examinations of the upper abdomen completed as part of the clinical staging evaluation; 3) received curative resection as the initial treatment and no preoperative anticancer therapy; and 4) a pathological diagnosis of BSCCE confirmed when surgical specimens were re-checked by expert pathologists according to the World Health Organization classification criteria [18] . Immunohistochemical staining was also performed if necessary. Patients with acute inflammation or hematological disease prior to treatment were excluded. Patients who did not achieve curative resection or who died of postoperative complications in the 30 days after surgery were also excluded.
Clinical data for each patient included in the study, including their gender, age, preoperative complete blood cell count, albumin, and pathological parameters, were retrospectively reviewed. The absolute albumin and peripheral blood lymphocyte, neutrophil, and monocyte counts were taken from blood examinations in one week prior to surgery.
Treatment and follow-up
All patients underwent a curative esophagectomy that used the stomach as an esophageal substitute. The middle and lower mediastinal, paracardial, superior gastric, and left gastric artery lymph nodes were routinely dissected. The surgical procedure used has previously been described [6] . Follow-up information was collected via regular outpatient clinics, telephone call, letters, and e-mails. Thoracic CT scans and Doppler ultrasound or CT examinations of the upper abdomen were performed every 3 months during the first 2 years after surgery and every 6 months thereafter. If recurrence was suspected, contrast-enhanced CT or magnetic resonance imaging was performed for confirmation. In cases of recurrence, patients received further treatment, including radiation therapy, chemotherapy, and secondary surgery, depending on the specific patient's situation.
Statistical analysis
Data were analyzed using Statistical Package for Social Sciences version 17.0 software (SPSS Inc., Chicago, IL, USA). The NLR was obtained by dividing the neutrophil count by the lymphocyte count, and the neutrophil-to-monocyte ratio (NMR) was obtained by dividing the neutrophil count by the monocyte count. The optimal cutoff values, defined as the point with maximal sensitivity and specificity, for the preoperative NLR, NMR, and albumin levels were calculated using receiver operating curve (ROC) analysis. Data are expressed as the mean and standard deviation for dichotomous variables, or median and range for continuous variables. Clinicopathological differences between groups were assessed using the chi-square (X 2 ) test or t test. Overall survival (OS), the primary endpoint of the analysis, was estimated using the Kaplan-Meier method; the initial treatment date was the starting point and death or last follow-up was the end. Survival curves were compared using the log-rank test. The secondary endpoint was recurrence-free survival (RFS), which was calculated from the date of initial treatment to the date of recurrence or last follow-up. Variables that were statistically significant in the univariate analysis were included in a Cox proportional hazards regression model to determine independent prognostic factors. A two-sided probability value (P value) of less than 0.05 was considered statistically significant.
Results

Clinicopathological characteristics
There were 121 patients enrolled in the study (106 men and 15 women) and the median age was 62 years (range 30-76 years). The patients' characteristics are summarized in Table 1 (data available in S1 File). Pathological examinations indicated that BSCCE was characterized by nesting, lobular, or trabecular arrays of basaloid cells with scant cytoplasm and hyperchromatic nuclei, and this was accompanied by comedo necrotic foci and small cystic spaces filled with mucinous material in the center of the tumor (Fig 1) . Immunohistochemical staining was performed in 53 patients: some positive staining was observed in 26/36 patients analyzed for cytokeratin subtype expression (CK5/6, CK8, CK18, CKpan); 26/27 patients stained positive for AE1/AE3; 21/25 patients stained positive for bcl-2; 27/27 patients stained positive for CK34βE; 6/6 patients stained positive for p63; 5/8 patients stained positive for NSE; and 0/29 patients stained positive for chra. BSCCE: basaloid squamous cell carcinoma of the esophagus; NLR: neutrophil-to-lymphocyte ratio; NMR: neutrophil-to-monocyte ratio.
Radical resection was achieved in all patients. Postoperative complications occurred in 12 patients (9.9%), and no deaths occurred in the 30 days after surgery. By August 2016, the median duration of follow-up was 28.0 months (range 1-102 months), and 8 patients had been lost to follow-up. Cancer recurrence had occurred in 79 patients, 68 patients had died from causes secondary to BSCCE progression, and 5 patients had died from other or unknown causes.
Determination of the best NLR and NMR cutoff values
According to ROC curve analysis, the best cutoff value for the NLR for operative prognosis was 1.77. Using this NLR cutoff value, the area under the curve (AUC) was 0.621 (95% confidence interval (CI), 0.519-0.723; P = 0.025). Patients were categorized into either low ( 1.77; n = 63) or high (>1.77; n = 58) NLR groups. The best cutoff value for the NMR for operative prognosis was 12.31; using this value, the AUC was 0.591 (95% CI, 0.488-0.693; P = 0.093). Patients were categorized into low ( 12.31; n = 75) and high (>12.31; n = 46) NMR groups. Similarly, the optimal cutoff value for preoperative albumin for operative prognosis was 40.0 g/L, and patients were categorized into low ( 40.0 g/L; n = 46) and high (>40.0 g/L; n = 75) albumin groups.
Correlation between the NLR and clinicopathological features
As shown in Table 1 , the relationship between the preoperative NLR and clinicopathological features was analyzed. A significant correlation between the NLR and absolute lymphocyte and neutrophil counts was observed (P<0.001). In the high NLR group, more patients had a tumor length >5.00 cm than that in the low NLR group (P = 0.040). Patients with an NLR 1.77 tended to have a lower NMR (P<0.001). No significant correlation between the NLR and other clinicopathological features, such as age, gender, weight loss, tumor location, pathological N, pathological T, TNM stage, and preoperative albumin, was identified in the analysis.
OS analysis
In the OS univariate analysis, the 1-, 3-, and 5-year OS rates were 84.5%, 50.1%, and 32.9%. The median OS was 38.0 months. In order to determine the optimal peripheral blood prognostic biomarkers for BSCCE, the preoperative NLR, NMR, and albumin levels were analyzed ( Table 2 ). In the low NLR ( 1.77) group, the median OS was 51.0 months, which was significantly greater than the 31.0 months observed in the high NLR (>1.77) group (P = 0.008). A significant difference in the median OS was also observed between the low ( 12.31) and high (>12.31) NMR groups (43.0 vs. 31.0 months, respectively; P = 0.042). Patients with low ( 40.0 g/L) albumin levels had a shorter survival time than patients with high (>40.0 g/L) albumin levels (26.0 vs. 42.0 months, respectively; P = 0.024; Fig 2) . Other factors, including weight loss, tumor length, pathological T stage, pathological N stage, and pathological TNM stage, were also significantly correlated with OS (Table 2 ). In the multivariate analysis, which included factors identified as significant in the univariate analysis, the pathological TNM stage (hazard ratio (HR), 1.967; 95% CI, 1.392-2.779; P<0.001), weight loss (HR, 2.063; 95% CI, 1.200-3.545; P = 0.009), and the NLR (HR, 2.030; 95% CI, 1.262-3.264; P = 0.003) were all found to be independent prognostic factors for OS (Table 3) .A further stratified analysis indicated that the NLR remained a strong prognostic indicator for OS in patients with stage I/II disease ( Fig 3A) . Our data suggest that the NLR is superior to the NMR and albumin levels in predicting BSCCE OS.
RFS analysis
The 1-, 3-, and 5-year RFS rates were 62.7%, 38.7%, and 28.1%, respectively. The median RFS was 23.0 months. The preoperative NLR was significantly associated with RFS; the median RFS was 44.0 months for the low ( 1.77) NLR group and 14.0 months for the high (> 1.77) NLR group (P = 0.002; Fig 2) . However, other factors, including the NMR and albumin levels, were not significant predictors of RFS (Table 2 ). In the multivariate analysis, tumor length (HR, 1.868; 95% CI, 1.138-3.064; P = 0.013), TNM stage (HR, 1.817; 95% CI, 1.299-2.542; P<0.001), and the NLR (HR, 2.222; 95% CI, 1.407-3.508; P = 0.001) were all found to be independent prognostic factors for RFS (Table 3 and Fig 3) . Furthermore, a preoperative NLR > 1.77 was an indicator of a relatively poor RFS for BSCCE stage I/II and stage III patients (Fig 3B and 3D ).
Discussion
The role of the preoperative NLR in prognosis prediction for BSCCE remains unclear. The present study has shown that a higher preoperative NLR is significantly associated with a poorer OS and RFS in BSCCE patients. We also separately validated the predictive value of the NLR in stage I/II and stage III patients. In this analysis, other immune and nutrition-related factors, including the preoperative lymphocyte count, neutrophil count, monocyte count, NMR, and albumin levels, were not prognostic factors for BSCCE. Our data suggest that, among these factors, the NLR is the best immune signature to predict survival. To the best of our knowledge, it is seldomly reported before that the NLR is an independent prognostic factor for patients with BSCCE. The histopathological characteristics of BSCCE differ from typical SCC of the esophagus. In our pathological analysis of BSCCE samples, the typical microscopic features were a nesting, lobular, or trabecular arrangement of basaloid cells accompanied by comedo-type necrotic foci and small cystic spaces in the center of the tumor. It has been reported that BSCCE is accompanied by various histopathological components, including ductal differentiation, myoepithelial cells, and in some cases, adenoid cystic carcinoma-like features [4, 18, 19] . Immunohistochemical analyses have also shown immunoreactivity for a number of cytokeratin subtypes, bcl-2, and neuroendocrine markers, which could assist in the diagnosis and distinction of BSCCE. However, none of these markers are specific for BSCCE [2, [19] [20] [21] . The expression of Ki-67 is reported to be higher in BSCCE than in typical esophageal SCC, and telomerase activity has been detected in 95% BSCCE patients [22] . Several studies have found that BSCCE has enhanced proliferative activity and apoptotic indices, and is biologically more aggressive than typical SCC [23, 24] . Baba et al. reported that BSCCE and typical SCC show distinct genetic and epigenetic alterations, such as PIK3CA mutation and LINE-1 methylation [17] . Saito et al. [25] observed that the expression of sFRP-2 is reduced or absent in 90% of BSCCE cases, while the expression is observed in typical SCC and the normal esophageal membrane. Given all of these observations, we believe that BSCCE should be considered as a distinct entity, and the relationship between the preoperative NLR and BSCCE prognosis deserves further investigation.
The preoperative NLR has been reported to be a valuable prognostic factor in many carcinomas [12, 14, 15] . In esophageal carcinoma, Sharaiha et al. [16] demonstrated that a high preoperative NLR is predictive of a poor disease-free survival and OS. In another study [15] , the pretreatment NLR was superior to the platelet-lymphocyte-ratio in predicting the long-term survival of locally advanced esophageal carcinoma patients treated with neoadjuvant chemotherapy and surgery. In two recent meta-analyses, which included 1633 and 1540 patients, the NLR was reported to be inversely correlated with the prognosis of esophageal carcinoma patients, and a high NLR was associated with an advanced tumor and node stage [26, 27] . Toyokawa et al. [28] have shown that esophageal cancer patients' combined serum albumin concentration, peripheral lymphocyte count, and total cholesterol concentration can reflect their long-term survival. Our study exclusively evaluated the prognostic value of inflammatory markers in BSCCE. Using univariate analysis, we found that the preoperative NLR, NMR, and albumin level were significantly correlated with OS. However, in the subsequent multivariate analysis, only the NLR proved to be an independent prognostic indicator for BSCCE, with an AUC of 0.612. Similarly, the NLR was also an independent predictor for RFS, as were the TNM stage and tumor length.
Growing evidence has suggested a strong link between an individual's inflammatory response and carcinoma. The association between the NLR and long-term cancer survival is complex and intriguing. Peripheral neutrophils and lymphocytes play a crucial role in the systemic inflammatory response, and so, they are considered a surrogate biomarker of an individual's immune status. Neutrophils and lymphocytes can inhibit or promote cancer progression through microenvironment immune interactions. Tumor related chemokines, such as C-C motif chemokine ligand (CCL)4, CCL5, and CCL20, and C-X-C motif chemokine ligand 10 (CXCL10) can act as chemoattractants for immune cells, including CD8 + T cells, CD4 + T helper type 1 lymphocytes, CD4 + regulatory T cells, and natural killer cells [29, 30] . These tumor infiltrating lymphocytes are recruited into tumors, activated, and subsequently act to eliminate or inhibit cancer cells. High levels of CD8 + cytotoxic T cells and low levels of CD4 + regulatory T cells in the tumor microenvironment have been shown to positively correlate with a favorable clinical outcome in esophageal carcinoma [10, 29, 30] . Wang et al. [9] have demonstrated that the peritumoral neutrophil-to-CD8 + lymphocyte ratio is associated with an advanced T stage and lymph node metastasis in esophageal cancer. In the present study, although no significant correlation between the NLR and pathological N, pathological T, or TNM stage was identified, patients in the high NLR group had significantly more > 5.00 cm tumors. Furthermore, relative lymphocytopenia (lymphocyte count 2.13×10 9 /L) was observed in the high NLR group, which could reflect an immunosuppressive status that would favor tumor development and metastasis.
Many studies have tried to identify more valuable prognostic factors for esophageal cancer; it is extremely important to be able to predict prognosis at the commencement of therapy. We believe that cancer progression is affected by both the cancer cells and the patient's immune characteristics. In the present study, the NLR was identified as a novel immune parameter for predicting the prognosis of BSCCE after surgery. Further analysis showed that an elevated preoperative NLR sensitively predicted a relatively poor OS and disease-free survival in different BSCCE TNM stages. This finding is in accordance with previous studies in other tumor types [13, 14, 16, 26] , indicating that the NLR may serve as a marker of an individual's immune status. However, the optimal cutoff value for patients who underwent a curable esophagectomy ranged from 3.0 to 5.0 in previous studies [16, 28, 31, 32] . This difference may stem from immunological heterogeneity in esophageal SCC and adenocarcinoma patients, or may be due to the preoperative chemoradiotherapy that some of the participants received, which could have significantly affect the patient's immunological status. Study biases may also exist due to the limited sample sizes and retrospective designs of these studies.
There are several potential limitations to the present study. There is inevitable selection bias in the survival analysis because of the retrospective nature of the analysis. However, given that BSCCE is such a rare disease, only a small number of cases could be collected from a single institution. Biases are also inherent to multicenter analyses because the diagnostic and treatment procedures in different cancer centers vary. As such, further prospective studies with larger sample sizes are required to confirm the predictive value of the preoperative NLR in BSCCE.
In conclusion, our data show that the preoperative NLR could serve as a prognostic indicator for BSCCE patients following curative surgery. Considering that neutrophil count and lymphocyte counts are routinely determined prior to treatment, the NLR is a convenient and cost-effective biomarker for long-term survival analysis in BSCCE. The mechanisms underlying the relationship between the preoperative NLR and cancer progression require further investigation. 
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